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ABSTRACT 

We investigate the use of a unity-magnification micro-optic beam deflector. The deflector consists 
of two arrays of positively powered lenslets. The lenslets on each army are arranged in a square grid. Design 
criteria are based on usefulness in optical data storage devices. The deflector is designed to operate over a 
± 1.6° range of deflection angles. We compare modeling results with interferometric analysis of the wavefront 
from a single lenslet pair. Our results indicate that the device is nearly diffraction limited, but there are 
substantial wavefront errors at the edges and corners of the lenslets. 

L INTRODUCTION 

There are many ways to achieve One position control in optical data storage systems. Most rely on 

the translational movement of an objective lens. Other methods rely on dunging the angular position of the 
m before the objective lens, as shown in Figure 1. Angular beam deflection hr data storage has been 
discussed with respect to galvanometers 12 and acousto-optic cells 2 . There are other possibilities, which 
InrlmV prisms, electro-optic cells and holograms, but they are not well suited for data storage due to either 
performance limitations, massive components, or complicated electronics. Oatonometer minors provide the 

necessary function and achieve good bandwidth, but they have two disadvantages. First, they disturb the beam 

path beyond what is required for deflection at the objective let*. This Is not a performance limitation, but 
it is a practical one. The beam path in an optical data storage device must be as compact as possible. Any 
unnecessary deviations in the beam path reault in extra teal estate that must be used to satisfy desip 
requirements. Secondly, reflection off of t mirrored surfrce require that the surfrce be of extremely high 
quality. The surfbce quality is to achieve in a lightweight minor, which is * requirement for high 

bandwidth. In additioa,n the lightweight minor is routed, vfbcatioeat modes of the minor swfrce can affect 
beam quality. These considerations can 
be overcome with pod engineering, 
but additional coats a ss o c iat ed with the 
components are Ukety. Hun an aho 
disadvantages to using acousso-optfc 
ceils for beam deflection. The primary 
disadvantages an float and co mp lex i ty 
of the electronics. What we sank is a 
low-cost altenatln to than techniques 
that does not does not disturb the 
beam path beyond what it necessary tor 
fine positioning. 

An alternative technique for 
beam steering is to use two lenses 
arranged as in afocal telescope, as 
shown in Figure 2A. As one of the 
lenses is translated, the output beam is 
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deflected. In order to avoid 
problems with aberrations, the 
lenses most operate at 
relatively high tf#, which 
results in a targe form factor. 

The lenses are massive and 
require significant power from 
an actuator to achieve high 
bandwidth. The range of 
deflection is another 
disadvantage of this system. 

Since the 0# of the objective 
lens is typically C/1 and the 
telescope must be VS or 
greater, the translation of 
beam steering lens must be at 
least live times the distance 
required at the disk plane. As 
described, the afocal relay ^fleeter, 

deflector is not useful as a beam steering 
device for optical data storage. 

Instead of using two large lenses, we 
suggest using two arrays of micro-optic lenses, 
as shown in Figure 2B. Each leasfct pair 
performs as the afocal telescope in Figure 2A. 

Hie focal lengths of the lensiets are much 
shorter than the two-lens system, so the device 
is much more compact The mam of a leaflet 
array is significantly ten than the mam of a 
single lens, so high bandwidth can be achieved. 

The translation of the micro-leas array is much 
smaller than that required in the two-lens 
system. A similar device was di scu s se d by 
Goltsos and Hot* 4 , as shown in Figure 3. 

Instead of two positively powered arrays, they 
use one positively powered array and one 
negatively powered array. As one array is device. 

translated relative to the other, the output 

beam is dd\ eaed. This device does not satisfy our requirement for unity magnification through the system. 
Abo, the positive-negative system does not fill the output beam, which results in a complicated diffraction 
patten at the dhk pine. Conversely, the positive-positive system uniformly fills the output with unity 

ffli gnirtrarin*. 

In the foBowiag paragraphs, we describe our device in detail. First, we describe system requirement* 
for an optical data storage system. CODE V modeling is used to predict performance of the device. We then 
discuss boundary losses and the implementation of field leases to Untit these losses. Diffraction calculations 
are used to predict the patten observed on the dbk plane. Our experimental dam indude interferometric 
analysis of the lensiets. Finally, wn draw conclusions from our work. 



Schematic illustration of Goltsos and Hotz 


1 THEORY AND MODELING 

Table I lists the operating requirements of the beam steering device. Tliese numbers are based on 
typical values for the wavelength and aperture size used in optical data storage devices. The ± 1.6* range of 
deflection angles corresponds to about ± 120 pm of fine positioning at the dbk plane with an V\ objective 
lens. If the track pitch b 1.6 pm, ± 75 tracks can be a c cessed with the beam steering device. The field angle 
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requirement of t 0-5" is to allow for some alignment 


Table L System design parameters. 


tolerance. 

We tested Monolithic Lens let Modules 1 
(MLMs), which are refractive microlens arrays in close- 
packed geometries. Our MLM arrays consisted of 
400pm square lens lets on a grid spaced 400pm apart 
Lenslets ate formed in a thin layer of a single-pan epoxy 
that has been molded on a substrate. In our case, the 
substrate material was a 1.27 mm thick piece of soda 
lim* glass. The lenslets resemble simple plano-convex 
lenses. The advertised focal length for the arrays is 3.20 
nun at 1 * 633 nm. Our estimate of the focal length at 
X - 830 nm is 3.27 mm. The V* is 5.8 if one uses the 
diagonal of the lens let in the calculation. Since the 
arrays are refractive and not diffractive, we expect high transmission efficiency and relatively little sensitivity 
to small wavelength variations. The depth of focus, which is given by 


INPUT BEAM SIZE 
(DIAMETER) 

4 3 mm 

OUTPUT BEAM SIZE 
(DIAMETER) 

43 mm 

wavelength 

830 ±20 am 

RANGE OF DEFLECTION 
ANGLES 

±L6* 

FIELD ANGLE 

i0-5° 


calculates to±56pmati-830nm. The required translation for 1.6* is 91 pm. 

CODE V was used to model the positive-positive array system. The lenslets were arranged as shown 
in Figure 2A, with the curved side toward the infinite conjugate. Wavefront profiles are shown in Figure 4 
for the deflection system operating at X - 633 am. Figure 4A displays performance with no deflection. 
Figure 4B displays performance at 1.6*. In both cases, superb wavefronts of less than 0.05 waves peak to valley 
are predicted, which implies that diffraction-limited performance will be achieved. 

The positive-positive system has one major loss mechanism. As the array is translated, the light .that 
is incident on adjacent lenslets is lost, as shown in Figure 5. The boundary losses can be calculated by 
assuming square lenslets. The transmission efficiency of the system is given by 

q - 1 - y£//*tane . (1) 

where 6 is the deflection angle. Therefore, we desire a low V# in order to limit boundaiy losses. 

Boundary losses can be virtually eliminated by using a field lens array, as shown in Figure 6. TheOeld 

array is translated in unison with the lmt array. The field lenslets redirect the diverging beamlets so that they 
are centered and optimally fill the lenslets of the last array. The transmission efficiency of this system is given 

by 


V - l -/7ita 



and B) 1.6° deflection. 
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Figure 5. Boundary losses are due to tbe light 
incident on adjacent lens lets. 


Transition (d) 

f t 



figure 6. L osse s doe to boundary losses can be 
avoided by using a flekl-lens array. Tbe field lens 
travels with LA2, the last array. 


angles of interest, the addition of the field array significantly improves the Thble E Efficiencies 
transmission efficiency. 

Another consideration for modeling is the diffraction pattern 
observed at the disk plane. The diffraction from each square lenslet results 
in a (sin«xy*x distribution. Since the leaslets are spaced at a distance equal 
to their width, the zeros of the sine function will coincide with higher orders 
of the diffraction pattern. Therefore, very little diffracted light should be 
observed. Figure 7 displays the result of a diffraction calculation for our 
system. — • 
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A layout of the int erfer om etri c experiment is 
shown in Figure &. Collimated fight from a 780 am laser 
diode passed through the MLMs. A unity-magnification 
afocal telescope was used to image LA2, the last len s l e t 
array, into the 8X beam expa nder. A Laser Diode 
Interferometric Tester (LAD1TE) from WYKO 
corporation was used for the Inte rfe ro m etric analysis. 
The LAD1TE is e phase shifting and self referencing 
interferometer. The image of the array from the beam 
expander was placed at the entrance pupil of the 
LADITE. 

The fringe patten observed in one of the 
measurements is shown in Figure 9. The boundary of 
the lens lets are clearly visible, and straight fringes are 
observed over a large percentage of the leaflets. The 
comer areas display a diamond-like pattern that does 
not give useful lens action. A dust spec is observed in 
the upper center lenslet In general, very careful 
procedures were necessary in order to limit 



Figure 7. Far-field pattern predicted from a 
diffraction calculation of the lenslet arrays. 
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con tamina tion of the array. A small dust spec of 25 urn to 50 pm diameter could significantly affect the 
performance out of a tens let The epoxy material was also very easily scratched. 

Before the MLM arrays were placed into the system, we obtained a reference map of the other optical 
components, which is subtracted from the data on the lenslets. When interferometric data were taken, one 
lenslets were masked individually. The best wavefront obtained for a tens let was about 0.08 waves rms. Upon 
further investigation, we found that most of the wavefront error was 
located at the edge of the lenslets. Figure 10 displays an OPD map of 
the surface. The largest variations are observed in the corners and atong 
the edges. Figure 11 displays an OPD profile of one edge of the tenslet 
A large departure is observed near one comer of Figure 11. To illustrate 
this point Amber, Figure 12 displays the variation of wavefront quality 
observed on a typical lenslet when the mask size is reduced from the full 
aperture. Both a square and a round mask were used. It is dear that 
diffraction-limited performance can easily be achieved if perfor m a nc e in 
the comers and along the edges can be improved. We observed no 
significant change in wavefront characteristics as one array was translated 
up to 50 pm relative to the other. 

Figure 13 displays the beam deflector illuminated over the frill 43 
mm We are in the process of evaluating the frr-fletd pattern from this 
device. through the LADITE 
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4, CONCLUSIONS 


WAWMNT 


We have analyzed a beam deflector that 
consists of two arrays of refractive micro lenses. 
One array is translated in order to achieve 
deflection. Design analysis indicates that diffraction- 
limited performance is obtainable over a ± 1.6* 
range of deflection angles. Boundary losses can be 
eliminated with the use of a micro-optic field lens 
array. Diffraction analysis indicates that a bright 
central spot should be observed in the far-fleld 
pattern. Measurement of the wavefront quality from 
individual lens lets indicates that the lens lets are of 
good wavefront quality. However, the edges and 
corners of the lenslets have significant aberration. 
We are in the process of evaluating the far-fleld 
pattern from a 43 mm diameter beam passing 
through the beam deflector. 
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Rg we 12 Wavefront variation as a function of mask 
diameter cratered on the lenslet The horizontal axis 
corresponds to the length of the mask: A) across one 
side of the square mask, B) across the diameter of the 
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